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(57) Abstract 

Power consumption in an electrical system, particularly a battery powered computer system, may be reduced by a method 
in which the performance of the system's power consuming assets (e.g., 1/0 devices, memory, processors, etc.) is monitored during 
the operation of application programs. The performance metrics (e.g., time on, processing assets, instruction density, etc.) for 
each of the application programs is stored in a look-up table below the application program software level that is accessible to the 
basic input/output system and/or disk operating system. The look-up table may be dynamically updated each time an applica- 
tion program is run. The data in the look-up table are used to remove all or pan of the power from those assets that require no or 
less power during operation of a particular application program. The method is transparent to the application programs and may 
use a terminate and stay resident programs. 
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METHOD OF AUTONOMOUSLY REDUCING POWER 
CONSUMPTION IN A COMPUTER SYSTEM 

BACKGROUND OF THE INVENTION 
The present invention relates to methods of reducing 
power consumption in electrical systems, and more particularly 
to methods of reducing power consumption in battery operated 
computer systems through the novel use of the history of power 
consumption for the programs that are run in the computer 
system. Electrical systems, particularly portable computer 
systems that are powered by a depletable power source (i.e. , 
battery powered) , such as lap top and notebook computers, have 
been developing rapidly. The developments add more and more 
capability to the systems, making them portable and attractive 
alternatives for conventionally powered computer systems of 
similar capability. However, increasing capability usually 
entails an increase in the drain of power from the computer 
system's power source. As more devices are operated, more 
memory is energized and/or newer devices consume more power 
than their predecessors. In systems where the power source is 
depletable, the lack of availability of a continuous supply of 
sufficient power to operate the computer system may place 
constraints on the types and numbers of improvements that may 
be added to the systems. Further, some of the programs 
operated, such as those used in imaging, may impose severe 
power requirements. The result may be that the useful life of 
the depletable power source may be only a few hours. 

The construction and operation of computer systems is 
well known in the art. Computer systems typically include a 
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number of power consuming assets such as input /output devices, 
memory, expansion cards, monitors, data cards, disk drives, 
processor units, and peripheral devices. Typically, each of 
these power consuming assets is connected or can be connected 
to the power source through a switchable medium. 

In the prior art, power consumption has been reduced by 
using the passage of time to determine whether a power 
consuming asset is to be switched off (or have its power 
reduced) . That is, if an asset is not used for a 
predetermined period of time, power to the asset is 
disconnected or decreased to reduce the overall power 
consumption of the computer system. A disadvantage of this 
approach is that all of the assets, even those that are not or 
will not be used, are on and consuming power for at least a 
predetermined period of time. Additionally, when a 
de-energized asset is subsequently needed, the system must 
often wait while the asset is powered, stabilized, and ready 
to perform its task. 

In contrast, the present invention compiles a history of 
power consumption for each program used in a computer system 
so that historically unnecessary power consuming assets are 
not turned on, or placed in standby, when a computer program 
is operated. The history may also be used to predict when a 
standby asset will again be needed so that the asset may be 
energized sufficiently in advance so that it is ready when 
needed without delay. 

■ Accordingly, it is an object of the present invention to 
provide a novel method of reducing power consumption in a 
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computer system that obviates the problems of the prior art . 

It is a further object of the present invention to 
provide a novel method of reducing power consumption using the 
history of power consumption for a previously run computer 
application program to disconnect or reduce power to power 
consuming devices when the application program is run again, 
or when segments or phases of the application program are run 
again . 

It is still a further object of the present invention to 
provide a novel method of reducing power consumption while 
avoiding unnecessary delays in operation when a system's 
standby asset is again needed. 

It is yet a further object of the present invention to 
provide a novel method of reducing power consumption in which 
profiles of the system' s power consuming assets and their 
performance metrics are maintained in a look-up table in the 
computer system for subsequent use in load-shedding. 

These and many other objects and advantages of the 
present invention will be readily apparent to one skilled in 
the art to which the invention pertains from a perusal of the 
claims, the appended drawings, and the following detailed 
description of preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a block diagram of an embodiment of the 

present invention . 

Figure 2 is a block diagram of a multiple CPU system in 

which the present invention may find application. 

3 
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DESCRIPTION OF PREFERRED EMBODIMENTS 
In the merhod of present invention, a battery powered 
computer system operates a number of application programs, the 
computer system including a number of power consuming assets, 
one or more of which may function during operation of each of 
the application programs. The power consumption of each of 
the power consuming assets is monitored during operation of 
each of the application programs and recorded in a table in 
the computer system that maintains a profile of system 
resources required. Subsequently, when an application 
program, or a segment or phase thereof, is operated again, the 
profile of resources required is recalled from the table and 
used to automatically adjust the power being provided to the 
system' s assets . 

With reference to Figure l, a power management system of 
the present invention can be embodied in a conventional 
personal computer 10. The computer 10 may have conventional 
assets, including a keyboard 20, modulator/demodulator 
("modem") 22, a floppy disk 24, a hard disk 26, and memory 
devices 28, 30, 32. As is well-known, these assets may 
communicate with a central processing units ("CPU") 34 through 
a conventional data bus 36. The CPU 34 may include a control 
unit 3 8 having addressing, instruction decode, and instruction 
performance capabilities, an arithmetic unit 40 for performing 
arithmetic operation on data and a central memory 42. 

A basic input/out system ("BIOS") 44 may communicate with 
CPU 34 directly or (as shown) through the bus 36. Typically, 
the BIOS 44 will contain the computer instruction necessary to 
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start the computing system along with instructions for 
operating the various assets in the computer 10. 

A power management system 46 may also communicate with 
the CPU and the assets directly on through the bus 36 (as 
shown) . The power management system 46 may also have 
associated with it a memory 4 8 for data and program storage. 

The computer 10 also includes a source of electrical 
power 50, such as a battery, which is applied to each of the 
other elements of the computer 10 needing power through a 
master switch 52. The power is supplied through switched 
lines P to each of the assets. The operation of the switches 
54 are controlled by the power management system 46. 

In operation, the computer 10 operates in a conventional 
manner. At power-up, a starting program is read from the BIOS 
44 into the CPU 34 and executed by the control unit 38. 
Typically, the BIOS program will read a larger, general 
central program such as the Disk Operating System ("DOS") from 
one of the disks 24, 26. Control of the CPU is given over to 
the DOS program by the BIOS program. A portion of the BIOS 
program may remain in CPU memory 4 2 in the form of data or 
instructions for communicating with the assets. 

When a user wishes to execute an application program, 
generally the user keys a command into the keyboard 2 0 which 
is read by the DOS program. The DOS program automatically 
loads the specified application program into the CPU memory 
and relinquishes control of the CPU 34 to it. Usually, a 
portion of 

the DOS program remains in memory to assist the application 
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program in utilizing the assets. 

During execution of the application program, the power 
management system may monitor the usage of the various assets 
to determine functional and time relations between the usage 
of the assets and the execution of the application program. 
The power management system may store in its memory 48, these 
relations for each application program executed on the 
computer. The power management system may use any desired 
method for the accumulation of the various metrics. For • 
example, the system can be loaded into the computer's memory 
and monitor the application program's calls to DOS and/or to 
BIOS. This monitoring can be done by being built into the DOS 
and BIOS asset handling routines or by trapping certain DOS 
and/or BIOS interrupts. Alternatively, the power management 
system may contain an independent microprocessor and may 
monitor traffic on the computer's bus 36. Generally, such 
traffic will contain data and commands to the various assets 
and the power management system 4 6 may learn of the sequence 
of use of the asset by the executing application program by 
monitoring the bus 36. In still another alternative, the 
power management system software could be loaded into the CPU 
memory 42 and be given control of the CPU 34 on a timed 
interrupt basis, such as through a terminate and stay resident 
(TSR) program. At each interrupt, the management system may 
query the various tables and other data maintained by DOS 
and/or BIOS to determine the activity status of the various 
assets. Each of the foregoing alternatives is non-exclusive 
and those skilled in the art could use one or more of these 
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techniques, or others, to monitor asset utilization. 

Once the computer 10 has obtained some measure of asset 
utilization of a particular application, the power management 
system may be used to control the power to some or all of the 
system assets. Using the data stored in previous executions 
of a particular application, the power management system can 
predict the utilization of the various assets by each 
application program, or a segment or phase thereof, and 
energize only the assets needed while they are actually 
needed. To avoid unnecessary failures of the application 
program in case an asset is unexpectedly needed and not 
powered, a TSR may issue an interrupt command, or the DOS or 
BIOS may be altered to wait until a recently powered asset is 
ready. Because the power management system updates its asset 
use prediction data each time the application is executed, the 
more times an application is executed the less likely will be 
undesired waits for assets to be ready. 

The switches 54 may be any conventional switches, the- 
operation of which can be controlled by another device. For 
some applications, switches may be ganged to operate together 
or may be automatically sequenced to operate in a 
predetermined manner. For example, the switches may be a 
stack of MOSFET switches operated by a processor that runs a 
TSR program. 

The monitoring of power consumption in the present 
invention may include the monitoring of one or more 
performance metrics of the power consuming assets of the 
computer system. For example, the performance metrics may 

7 ■ 
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include the average time spent in an application program, the 
processing assets required to execute an application program, 
the instruction density of the software needed to execute an 
application program, the peripheral devices used in an 
application program, memory requirements, MIP of instructions, 
etc . 

Power consumption data for each application program may 
be stored in the computer system, for example, in a look-up 
table (or in plural tables, one for each application program) 
so that the table may be accessed when an application program 
is run again. The table may be located in an appropriate 
area, such in BIOS or in a TSR. Further, the stored power 
consumption data may be updated each time the application 
program is run, for example, by replacing the previously 
recorded power consumption data with the new data, or 
combining the previous data with the new data to form a moving 
average or other relevant statistic. 

The method of the present invention may be implemented by 
using a TSR that fires when DOS loads an application program. 
The TSR determines which application program is running and 
points to a table that BIOS uses to control power assets. The 
method may also be implemented by modifying the computer 
system's basic input/output system (BIOS) and by adding custom 
functionality to the computer system's disk operating system 
(DOS) . The modified BIOS generates the data necessary to 
build a table that includes the performance metrics for each 
of the power consuming assets for each program that is run. 
When the computer program is run again, DOS accesses the table 

8 
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and uses the daca therein to disconnect or reduce cower to 
power consuming assets not used by the particular application 
program being operated. The data may indicate that the power 
consuming assets are merely to be put on standby at a reduced 
power consumption level. This action may be appropriate when 
the data in the table indicate that a particular power 
consuming asset is used infrequently by a particular 
application program. The table is maintained in the computer 
system at a level that is accessible to the BIOS and DOS. The 
method of the invention is desirably transparent to the 
application program. 

Similarly, the system of the present invention may re- 
energize assets based on the stored data and/or on stored 
characteristics. For example, when a disk unit or an 
additional processor has been off and is to be turned on at 
time Y, the system may issue a command to re-energize the disk 
unit or processor at Y-A minutes, where A is the amount of 
time required by the unit to be ready to perform after power 
has been supplied. 

The system of the present invention may also turn assets 
on or off depending on relationships among asset usage 
recognized by the power management system. For example, the 
system could recognize that a disk unit is accessed shortly 
after the input of data on a keyboard. Under this 
circumstance, the disk unit could be de-energized when not in 
use and automatically re-energized when input data is received 
on a keyboard so as to be ready when the computer wants to 
access the disk shortly thereafter. 

9 
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With reference to Figure 2, the present invention may be 
implemented in a system having multiple CPUs 100, each with 
its own memory unit 102. One of the CPUs 100 may include a 
mass storage 104 and interface devices such as a keyboard 106 
and a display 108. The above-described method may turn off or 
reduce power to one or more of the CPUs 100, memory units 102, 
mass storage 104 and the interface devices. 

While preferred embodiments of the present invention have 
been described, it is to be understood that the embodiments 
described are illustrative only and the scope of the invention 
is to be defined solely by the appended claims when accorded a 
full range of equivalence, many variations and modifications 
naturally occurring to those skilled in the art from a perusal 
hereof . 
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What is Claimed is : 

1. A method of reducing power consumption in a battery 
powered computer system that operates a plurality of 
application programs, the computer system including a 
plurality of power consuming assets that may function during 
operation of an application program, the method comprising the 
steps of: 

a. monitoring the power consumption of the power 
consuming assets during the operation of each of the 
application programs; 

b. recording the monitored power consumption of each of 
the power consuming assets for each of the application 
programs in a look-up table in the computer system; 

c. recalling the recorded power consumption for an 
application program from the look-up table; and 

d. automatically reducing power available to the power 
consuming assets in response to the recalled power consumption 
when the application program is operating so that computer 
system power consumption may be reduced. 

2. The method of Claim 1 further comprising the step of 
updating the recorded power consumption for an application 
program when the application program is operated. 

3 . The method of Claim 1 wherein the recorded power 
consumption is recalled in step c. before the application 
program is operated. 

4 . The method of Claim 1 wherein the recorded power 
consumption is recalled in step c. when the . application 
program is operating. 

11 
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5 . The method of Claim 1 wherein the step of monitoring 
power consumption includes the monitoring of one or more of 
the performance metrics selected from the group consisting of 
time spent in an application program, processing assets 
required to execute an application program, instruction 
density of the software required to execute an application 
program and elements required to operate an application 
program. 

6. A method of reducing power consumption in a computer 
system that operates a plurality of application programs, the 
computer system including a plurality of power consuming 
assets that may function during operation of an application 
program, the method comprising the steps of: 

a. monitoring the power consumption of the power 
consuming assets during the operation of the application 
programs ; 

b. identifying in a look-up table the power consuming 
assets for which power availability may be reduced during 
operation of each of the application programs; 

c. recalling the identified power consuming assets for 
an application program from the look-up table; and 

d. automatically reducing power available to the 
recalled power consuming assets when the application program 
is operating so that computer system power consumption may be 
reduced. 

7. The method of Claim 6 further comprising the step of 
updating the identified power consuming assets for an 
application program when the application program is operated. 

12 
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3. The method of Claim 6 wherein said look-up table is 
in the computer system and is accessible by the computer 
system's basic input/output system or disk operating system. 

9. The method of Claim 6 wherein the identified power 
consuming assets are recalled in step c. before the 
application program is operated. 

10. The method of Claim 6 wherein the identified power 
consuming assets are recalled in step c. when the application 
program is operating. 

11. The method of Claim 6 wherein step c. comprises the 
step of accessing said look-up table with a terminate and stay 
resident (TSR) program. 

12 . The method of Claim 6 wherein the power consuming 
assets are selected from the group consisting of input/output 
devices, memory, -expansion cards, monitors, disk drives, data 
cards, processors and peripheral devices. 

13. In a method of load-shedding for a program operating 
in a computer system having power consuming elements, the 
improvement comprising the steps of: 

a. identifying the power consuming elements that may be 
shed when a program is operating a first time by monitoring 
their power consumption; and 

b. automatically shedding the identified power 
consuming elements when the program is operated again. 

14. The method of Claim 13 further comprising the step 
of automatically storing the identified power consuming 
elements in a table maintained in the computer system. 

15. The method of Claim 14 further comprising the step 
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of accessing said table from the computer system' s basic 
input/output system or disk operating system. 

16. The method of Claim 15 further comprising the step 
of updating the power consuming elements identified in said, 
table for a program when the program is operated. 

17. The method of Claim 13 wherein the power consuming 
elements are selected from the group consisting of 
input/output devices, memory, expansion cards, monitors, disk 
drives, data cards, processors and peripheral devices. 

18. The method of Claim 13 wherein the step of 
identifying power consuming elements that may be shed includes 
the monitoring of one or more of the performance metrics 
selected from the group consisting of time spent in a program, 
processing assets required to execute a program, instruction 
density of the software required to execute a program and 
peripheral devices required to operate a program. 



>411801A1JU> 



14 




BN80OCID: <W0 *41 1801A1JU* 



WO 94/11801 



PCT/US93/ 11353 



CM 
O 



>• 

DC 

o 

111 




Q 
CC 
< 

O 
m 

LLi 




CVJ 

O 

LL 



2/2 



BNBOOOD: <WO M1 1801A1J_> 



INTERNATIONAL SEARCH REPORT 



Intemaaonai Application No 

PCT/US 93/11353 



A. CLASSIFICATION OF SUBjECT MATTER 

IPC 5 G06F1/32 



According to International Patent ClassficaQon (IPC) or to both national classification and IPC 



B. FTELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 5 G06F 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO, A, 91 00566 (POQET COMPUTER CORPORATION) 
10 January 1991 

see page 5, line 36 - page 43, line 7 
see page 45, line 14 - page 52, line 29; 
figures 1-5 

GB,A,2 235 797 (APPLE COMPUTER INC.) 13 
March 1991 

see page 5, line 3 - page 18, line 18; 
figures 



1,5,6, 
12,13, 
17,18 



1,5,6, 
12,13, 
17,18 



m 



Further documents are Listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



• Special categories of died documents : 

*A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E* earlier document but published on or after the international 

filing date 

'L* document which may throw doubts on priority daim(s) or 
which is died to establish the publication date of another 
atauon or other speaal reason (as specified) 

'O' document referring to an oral disclosure, use, exhibition or 
other means 

'P* document published prior to the international filing date but 
later than the priority date claimed 



*T later document published alter the international filing date 
or priority date and not in conflict with the application but 
dted to understand the principle or theory underlying the 
in vena on 

*X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y' document of particular relevance; the claimed invenoon 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



28 March 1994 



Date of mailing of the international search report 



2 2. m. w 



Name and mailing address of the ISA 

European Patent Office, P.B. 58U PatenUaan 2 
NL - 2280 HV Rijswijk 
Tel. (i- 31-70) 340*2040, Tx. 31 6S1 epo ni, 
Fax; (+31-70) 340-3016 



Authorized officer 



Semple, M 



Form PCI71SA/3I0 <i«and ih«i) (July 1993) 



page 1 of 2 



BN80OC1D: <WO &411801A1JL> 



INTERNATIONAL SEARCH REPORT 



C(Conanuaoon) DOCUMENTS CONSIDERED TO BE RELEVANT 



A 



International Application No 

PCT/US 93/11353 



Gate gory * Citation of document, with indication, where appropnate. of the relevant passages 



Relevant to claim No. 



IBM TECHNICAL DISCLOSURE BULLETIN 
vol. 33, no. 4 , September 1990 , NEW 
YORK, US 
pages 474 - 477 

'Technique for Monitoring a Computer 
System's Activity for the Purpose of Power 
Management of a DOS-Compatible System' 
see the whole document 



1,6 



Form PCT/1SA/310 (conunuition of i«cond th«tj (July 1993) 



page 2 of 2 



BNSOOCIO: <WO_W11801A1JL> 



INTERNATIONAL- SEARCH REPORT 

i Information on patent family members ^ 


International Application No 

PCT/US 93/11353 


Patent documental 
cited in search report 


Publication 
date 


Patent faffuly 
member(s) 


Publication 
date 



WO-A-9100566 10-01-91 AU-A- 6031390 17-01-91 

CA-A- 2063413 31-12-90 
EP-A- 0479887 15-04-92 





GB-A-2235797 


13-03-91 


AU-B- 


629019 


24-09-92 


< 






AU-A- 


6016890 


14-03-91 








CA-A- 


2024552 


09-03-91 








DE-A- 


4028175 


21-03-91 








JP-A- 


3171317 


24-07-91 








SE-A- 


9002838 


09-03-91 








US-A- 


5167024 


24-11-92 



4 



Form PCT/1SA/310 (pawnt family annex) (July 1993) 



BN8DOCID: <WO_M11801A1JL* 



THIS PAGE BLANK (uspto) 



